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ABSTIWCT 

The discovery that  the (be11zy1thio)carbonyl group is stable in concentrated hydrochloric 
acid has permitted the removal in that  medium of isopropylidene bloclcing groups from 
3-O-[(benzylthio)carbonyl]-1,2;5,6-di-O-isopropylidene-or-~-glucofuranose to furnish crystalline 
3-0-[(benzylthio)carbonyl]-P-D-glucopyranose. Benzoylation of the latter provided a derivative 
which has matle possible the synthesis of methyl 2,4,6-tri-0-henzoyl-ol ant1 13-D-glucopyranosides. 

INTRODUCTION 

Two of the four possible anonleric pairs of the tribenzoate derivatives of the methyl 
glucopyranosides have been known for many years. The use of the specific triphenj.lmethy1 
ether group to block the primary (C-6) hydroxyl group permits the syntheses of methyl 
2,3,4-tri-0-benzoyl-a and P-D-glucopyranosides (1). The 2,3-di-0-benzoate of each methyl 
glucopyranoside, prepared with the aid of the 4,6-0-benzylidene blocking group, was 
specifically benzoylated a t  C-6 to furnish the 2,3,6-tri-0-benzoyl derivatives (2). A recent 
paper (3) described the synthesis of methyl 2-O-[(benzylthio)carbonyl]-a-~-glucopyra~~o- 
side, which served as a precursor to methyl 3,4,6-tri-0-benzoyl-a-D-glucoppranoside, by a 
specific substitution of the (benzy1thio)carbonyl group a t  C-2 in methyl 4,B-0-benzylidene- 
a-D-glucopyranoside. The thiocarbonate ester, C&--CH2-S-CO-0-, serves as a 
useful blocking group for the synthesis of partial esters of carbohydrates due to the ease 
with which it can be removed without cleavage of other ester groupings (4). 

Attempts to duplicate this specific substitution reaction a t  C-2 with methyl 4,G-O- 
benzylidene-P-D-glucopyranoside resulted in the recovery of disproportionately high 
yields of the disubstituted product. This method does not serve, therefore, as a practical 
route to methyl 3,4,6-tri-0-benzoyl-p-D-glucopyranoside. 

The synthesis of 3 -0 -  [(benzylthio)carbonyl]-1,2;5,6-di -0-isopropylidene-a-D-gluco- 
furanose has been described (4). Attempts to remove selectively the isopropylidene groups 
from this compound by treatment with acid under refluxing conditions resulted also in 
the hydrolysis of the (benzy1thio)carbonyl group. A method of removing the isopropylidene 
groups has now been found which provides crystalline 3-0-[(benzylthio)carbonyl]-P-D- 
glucopyranose and, ultimately, inethyl 2,4,6-tri-0-benzoyl-a and P-D-glucopyranosides. 
Thus, all of the isomeric tribenzoate derivatives of methyl-a-D-glucopyranoside have now 
been characterized and, in the P-series, only the 3,4,G-isomer remains unknown. 

RESULTS AND DISCUSSION 

When inethyl 4,6-0-benzylidene-a-D-glucopyranoside (I) is treated with 1.1 moles of 
(benzy1thio)carbonyl chloride (11) in pyridine solution, a 58% yield of the pure 2-0- 

' T o  wlbonz i?zqzriries sl~oz~ld be directed. Present address: Textile Research Inslilzile, Pri?~ceton, A'ew Jersey, 
U.S.A. 

2Presenl address: Clremislry Deparlnzenf, Tlte University, Edgbaston, Birrningltai~z 16, Eltgland. 
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WILLARD ET AL.: SYNTHESES WITH (BENZYLTF1IO)CARBONYL GROUP 2561 

[(benzylthio)carbonyl] derivative of I is obtained, together with 10% of the 2,3-di-0- 
[(benzylthio)carbonyl] derivative (3). Repeated attempts to duplicate this experiment 
using methyl 4,G-0-benzylidene-/3-D-glucopyranoside (111) and 1 mole of I1 resulted in the 
recovery of 40% of the disubstituted derivative (IV), previously described (4). From the 
remaining products, consisting necessarily of 40% of unreacted 111, a monosubstituted 
product could be isolated only in very low yield. 

I t  can be calculated3 from considerations of chemical kinetics that 33.3% of the 
disubstituted product would be formed if it is assumed that the hydroxyl groups have 
equal reactivities which are not changed after substitution a t  the other position (see 
appendix). Substitution of the (benzy1thio)carbonyl group a t  one of the hydroxyl groups 
would be expected to activate the remaining hydroxyl group (5). This activation can 
account for the high proportion (40%) of disubstituted product formed when the sub- 
stitution is carried out on the p-glucoside. One explanation for the low yield (10%) of 
disubstituted product in the case of substitution in the a-glucoside is that the reactivity 
a t  C-2 is considerably greater than that a t  C-3 and substitution a t  C-2 does not increase 
the reactivity at  C-3 sufficiently to enable it to compete with the more reactive C-2. This 
explanation is consistent with the observation (3) that all of the inonosubstituted product 
isolatable in the case of the a-glucoside is that substituted a t  C-2. The radical difference 
in behavior of the a- and P-methyl glucosides encountered in these experiments was not 
expected. 

Because of the low yield of mono-(benzy1thio)carbonyl derivatives of I11 obtained, the 
synthesis of methyl 3,4,6-tri-0-benzoyl-B-D-glucopyranoside by this route is not practical. 
Another possible route to this compound was discarded, since repeated attempts to 
saponify preferentially one of the (benzy1thio)carbonyl groups from the disubstituted 
product IV under mild conditions again resulted in the recovery of proportionately high 
yields of disubstituted and u~lsubstituted products. 

Diethylmercaptal derivatives can be prepared directly from 1,2-0-isopropylidene 
derivatives by treatment with a mixture of concentrated hydrochloric acid and ethyl 
mercaptan (6). The behavior of 3-O-[(benzylthio)carbonyl]-l,2;5,6-di-0-isopropylidene- 
a-D-glucofuranose (V) in concentrated hydrochloric acid therefore was investigated. The 
optical rotation of a solution of V in concentrated hydrochloric acid a t  room temperature 
increased slightly and essentially was constant after 20 h. Evaporation of the acid in vacuo 
yielded a crystalline reducing product (VI) which was homogeneous, and readily distin- 
guishable fro111 D-glucose, on paper chromatograms. The pure product showed a muta- 
rotation of -4.3" 4 +60.2" (in acetone), indicative of a @-configuration. Its elemental 
analysis agreed with that calculated for a mono-(benzy1thio)carbonyl derivative of glucose. 

The crystalline (benzy1thio)carbonyl-D-glucose derivative VI was shown to have the 
P-pyranose configuration by the sequence of reactions shown in Fig. 1. Benzoylation in 
pyridine gave a tetrabenzoyl derivative (VII). Levene and Meyer (7) found that  
P-D-glucopyranose, under similar conditions, yielded the pentabenzoate derivative 
without any accompanying change in the configuration of the ring. Oxidative removal of 
the (benzy1thio)carbonyl group from VII, followed by benzoylation of the regenerated 
hydroxyl group, gave a product (IX) having a melting point and optical rotation identical 
with those reported (7) for 1,2,3,4,6-penta-0-benzoyl-/3-~-glucopyranose. The higher- 
melting crystalline form of this compound reported by Ness, Fletcher, and Hudson (8) 
was not encountered in this work. Migration of the (benzy1thio)carbonate ester grouping 

3The azitltnrs woz~ld like to ncknowledfe the nssistnuce of Dr. D .  Preuorsek a?zd Dr. S. T,Vi?zchester, Textile 
Reseal clz I?~st1't11Ie, in perj~rnzt?~g these cnlcz~lations. 
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from C-3 under the acidic conditions used to remove the isopropylidene grouping is 
unlikely. The assignlnent of the (benzy1thio)carbonate grouping to C-3 is confirmed by 
con~parison of the physical properties of methyl 2,4,6-tri-O-benzoyl-a-D-glucop~~ranoside 
(XV) and its derivatives, subsequently synthesized, with those of the known 2,3,4-, 2,3,6-, 
and 3,4,6-derivatives. 

When treated with (benzy1thio)carbonyl chloride, VII uras resynthesized from VIII, 
proving the absence of benzoyl migration during the removal of the (benzy1thio)carbonyl 
group. The 3-O-acetyl and 3-0-(P-tolylsulphonyl) derivatives of VIII were prepared. 

The 3-0-[(benzylthio)carbonyl]-tetra-0-benzoyl derivative (VII) n-as then used to 
synthesize methyl 2,4,6-tri-0-benzoyl-a and P-D-glucopyranosides, as she\\-n in Fig. 2. 
Peracetylated hexoses are converted to the acetochlorohexose on treatnlent with titanium 
tetrachloride in chloroform (9). This method has been shown, more recently, to be applic- 
able to perbenzoylated glucose derivatives (8, 10). The presence of the (benzy1thio)- 
carbonyl group did not cause any anonlalous behavior during the use of this reagent. The 
a-chloro derivative (X) was converted smoothly to inethyl 2,4,6-tri-O-benzoyl-3-0- 
[(benzylthio)carbonyl]-0-D-glucopyranoside (XI) when treated with silver carbonate in 
boiling methanol. Oxidative removal of the (benzy1thio)carbonyl group gave ~nethyl  
2,4,6-tri-0-benzoyl-P-D-glucopyranoside (XII),  mhich on benzoylation gave the known 
(8, 11) nlethyl 2,3,4,6-tetra-0-benzoyl-P-D-glucopyranoside. The 3-0-(p-tolyls~tlphonyl) 
(XIII) and 3-O-acetyl derivatives of XI1  also were synthesized. 

Anonlerization of the P-glycosidic group in X I  by a standard procedure (9) gave a sirupy 
product (XIV). Oxidative removal of the (benzy1thio)carbonyl group gave a crystalline 
product, methyl 2,4,6-tri-0-benzoyl-a-D-glucopyranoside (XV), mhich on benzoylation 
gave the known (1,8) methyl 2,3,4,6-tetra-0-benzo~l-a-D-gl~cop~ranoside; its 3-0-(k-tolyl- 
sulphonyl) derivative (XVI) was prepared in the usual manner. 

The structures of methyl 2,4,6-tri-0-benzoyl-a and P -~ -g luco~~ranos ide  (XI1 and XV) 
were related unequivocally to that of 1,2,4,6-tetra-0-benzo~l-P-D-glucopyranose (VIII) by 
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taking the p-tolylsulphonyl derivative (XVII) through the reaction sequence (XVII -+ 
XVIII -+ XI11 -+ XVI) shown in Fig. 2. The p-tolylsulphonates (XI11 and XVI) thus 
obtained were indistinguishable fro111 those derivatives prepared froin methyl 2,4,G-tri-0- 
benzoyl-a and P-D-glucopyranosides, respectively. 

APPENDIX 

The reaction of the methyl 4,G-0-benzylidene-a and p-D-glucopyranosides (I) ,  containing 
two reactive hydroxyl groups, with 1 mole of (benzylthio)carbonyl chloride (11) falls into 
the class of competitive, consecutive (series) second-order reactions treated bl- Frost and 
Sch~vemer (11). The reactions are represented by: 

and 

where A, B, C, and D represent the molar concentrations of 11, I ,  nlonosubstituted 
glucoside, and disubstituted glucoside, respectively. T o  apply the above reaction scheme, 
two assu~nptions must be made: ( I )  the two hydroxyl groups in the unsubstituted state 
have equal reactivities, and (2) substitution in one hydroxyl group produces the salile 
change in reactivity as substitution in the other. The above authors solved the rate 
equations 
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for the case where initial concentrations \\rere set a t  A0 = 2B0. 
In the present study it was necessary to solve the above rate eq~~at ions  for the case 

where A0 = Bo. From a material balance, summing eq. [ l ]  - 2 X eq. [2 ]  - eq. [ 3 ]  and 
integrating gave 

Since AO = Bo, 

and substituting in eq. [ I ] ,  

If one chooses as clinlensionless quantities: 

then eqs. [2 ]  and [7] can be solved to produce 

[91 daldp = ( 1  - 2K) + K(CYIP). 

Integration of eq. [9 ]  gives 

the constant of integration being determined a t  a = fl = 1 .  
Solutions of eq. [ lo]  for as a function of a a t  different K values are shown plotted in 

Fig. 3 .  The case of particular interest in the present study is that in which the reactivities 
of the hydroxyl groups are not changed after substitution, that is, kl  = k 2  or K = 1. The 
solution was obtained for K = 0 . 9 9 ,  as an approximation for K = 1 which is not readily 
solvable. At a = 0, i t  is seen that /3 = 0 . 3 3 3 ;  that is, a t  the end of the reaction one-third 
of the initial I remains unsubstituted. Another one-third of the initial I must therefore 
be disubstituted, since the unsubstituted and disubstituted products must be equal at  
the end of the reaction. By difference, the remaining one-third of the initial I would be 
present as  monosubstituted product. 

To obtain the 40% of disubstituted product in the present work with the 0-glucoside, it 
can be calculated that k2 = 2.5k1. The 10% yield of disubstituted product obtained with 
the a-glucoside can be interpreted to mean that kl = 13k2. 

3-O-[(Be~tzylLl~io)carbo?tyl]-~-~-ylz~co~y~anose (VI )  
3-O-[(Benzylthio)carbonyl]-1,2;5,6-di-0-isopropylidene-a-~-glucofuranose (V) was synthesized as previously 

described (4). The pure form (recrystallized from ethanol-water) had m.p. 75-77Oand [ a ] ~ ~ "  -24.6" (c,2, 
CHC1,). 

One gram of V was ground in a mortar and dissolved in 3 ml of concentrated (37%) hydrochloric acid. 
After standing a t  room temperature for 18 h, the solution was evaporated in  uaczro with a bath temperature 
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of 35-40". The solid residue was washed with ice water until the washings were neutral and then dl-iccl in 
vacuo overnight over potassium hydroxide and phosphorus pentoxide. The product (0.78 g, 97%) reduced 
Fehling's solution and a paper chro~natograrn irrigated with butanol-ethanol-water (5:1:4, top layer) 
showed only one spot with R1 0.87 (glucose XI 0.1.7) when developed with allcali~~e silver nitrate. After 
recrystallizatio~l from boili~lg water, the product had 1n.p. 170-173" (decomp.), [ c Y ] D ~ ~  -4.3" -+ +60.2" 
(c,l, acetone). The rotation reached a constant value after 26 11; it is see11 that  the acetone contained sufficient 
water to permit mutarotation. 

Anal. Calcd. for C14H1807S: C,  50.91; I-I, 5.46; S, 9.70. Found: C, 50.64; I-I, 5.67; S, 9.59. 

1,1,4,6-Tetra-O-bensoyl-3-O-[(benzylthio)caubony]--~-gzicoyranoe (VII) 
To 2.0 g of VI in anhydrous pyridine (30 ml) was added benzoyl chloride (5.0 1111) with cooling in an ice 

bath. After standing overnight a t  room temperature, the solution was poured into ice water. The solid 
deposited was recovered by filtration and washed thoroughly with water. After drying, recrystallizatioll 
from a mixture of acetone and ethanol gave the product (4.4 g, 98%) having 111.p. 199-201". Two further 
recrystallizations afforded the pure product having 1n.p. 200-302", [ c Y ] D ~ ~  -16.55" (c,l, CMCI,). 

Anal. Calcd. for C4?HIIOlIS: C, 67.57; H ,  4.56; S, 4.38. Found: C,  67.46; M, 4.63; S, 4.1.1. 
In a separate experiment, the solid product VI (50 g, m.p. 157-163"), obtained by evaporation of the 

hydrochloric acid but omitting the crystallization from water, was benzoylated in the same fashion and gave, 
after 1 crystallizatio~~, 100g (89%) of VII, m.p. 190-194". The pure product VII was obtained in 75% 
yield after 1 recrystallization. 

1 , 2 , 4 , 6 - T e t r a - 0 - b e n z o y l - p - ~ - g l ~ y r a n o s e  (VIII)  
To  a solution of VII (8.0 g) dissolved in chloroform (450 ml) and glacial acetic acid (550 1111) \\.as added 

potassium acetate (2.0 g) and 30% hydrogen peroxide (150 ml). After standing for 7 days a t  room tempera- 
ture, the solution was conce~~trated i n  vaczio (air-leak) to  150 ml, and water (30 ml) mas added to turbidity. 
Cooling the mixture a t  5' gave 6.3 g (98%) of product in 2 crops of crystals, 1n.p. 176-179'. Two recrystal- 
lizations from acetone-petroleum ether gave 5.6 g (S9%) having 111.p. 179-1SO0 and [CY]D" $8.7" (c,l, 
CHCI,). 

Anal. Calcd. for C31HP8010: C, 68.46; H, 4.70. Found: C, 68.03; I-I, 4.83. 

Derivatives of V I I I  
Derivatives of VIII were prepared froin 0.5 g samples in pyridine solution by standard procedures. 

After 48 11 reaction time a t  room temperature, each product was obtained as a solid by pouring the reaction 
~nixture into ice water; filtration and recrystallization (twice) fro111 acetone-petroleum ether afforded the  
pure compound. 

1,2,S,4,6-Penta-0-benzoy~-~-g~zico~yranose (Ix).-Yield: 0.45 g (77%); n1.p. 156-1%"; [alum +23.4' 
(c,l ,  CHCI,). Reported (6): m.p. 157"; [a], +24" (c,3, CHCI,). 
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3-O-Acetyl-l,2,~,G-te~ra-O-benzoyl-~-~-glz~copyranose.-Yield: 0.39 g (73%); m.p. 224-226"; [a]020 +9.4" 
(c,l, CHCII). 

Anal. Calcd. for C3eHpoOllS: C, 67.71; H ,  4.70. Found: C, 67.39; H, 4.65. 
1 , 2 , ~ , 6 - T e t r a - O - b e ~ ~ z o y l - S - O - ( ~ o ~ y s u ~ p ~ ~ o ? ~ y ~ ) - - ~ - g z ~ c o y r a ? ~ o s e  ( X  VII).-Yield: 0.31 g (48y0) ; n1.p. 193" 

(decomp.); [a]~20 +11.7" (c,l, CHC13). Another reaction using 4 days reaction time gave this product in 
69% yield. 

Anal. Calcd. for CrlH3nOl?S: C, 65.60; H ,  4.54; S, 4.27. Found: C, 65.61; H ,  4.59; S, 4.49. 

2 , 4 , 6 - T r i - 0 - b e n z o y l - 3 - 0 - [ ( b e n . z y l t l z i o ) c a r b o n y ~ l  Cizloride (X) 
To  a solution of VII (50 g) in pure, dry chloroform (1 500 ml) was added titanium tetrachloride (14.7 ml) 

and the solution was reflused for 5 h with the exclusion of moisture. The product was isolated by pouring 
the solution on to ice pieces and by washing the separated chlorofor~n layer with aqueous potassiu~n bicar- 
bonate and then 3 times with water. The dried (MgS04) chloroform solution was evaporated to dryness and 
the solid residue was recrystallized, first from acetone-ether and then from ethanol, to give the product 
(35 g, 78y0), 111.p. 139-141". In purest form the product had m.p. 140.5-141" and [ff]D2' +122.S0 (c,l, 
CHCI,). 

Anal. Calcd. for CrjjHZeOeClS: C, 63.59; H, 4.39; CI, 5.38; S, 4.84. Found: C, 63.33; H ,  4.29; CI, 6.14;4 
S, 4.97. 

Metl~yl2,4,6-~ri-0-benzo~l-~-O-[(benz~lthio)carbon~l]-~-~-~lz~cop~ranoside (XI)  
To  a sol~ltion of X (6.3 g) in anhydrous methanol (600 ml) was added 15 g of freshly precipitated, dried 

silver carbonate and the mixture was refluxed (drying tube) for 5 h. The silver salts were removed by filtra- 
tion of the reaction rn ix t~~re  prior to cooling. The product, which crystallized from the solution on addition 
of 50 ml of water, was dissolved in acetone and filtered through carbon to remove the last traces of silver 
salts. The acetone was evaporated and the residue recrystallized twice from ethanol to give the product 
(3.3 g, 53y0), having n1.p. 166-166" and [a]oZ3 +24.g0 (c,1, CHCIJ). 

Anal. Calcd. for C3aH3~010S: C, 66.85; H, 4.88; S, 4.88. Found: C, 65.79; H, 5.08; S, 5.24. 
Additional amounts of product could be obtained by further treatment with silver carbonate in methanol 

of the low-melting material obtained as final crops in the alcohol recrystallizations. 

Metltyl 2,4,6-Tri-0-be?tzoyI-p-D-glzrcopyranosie (XI I )  
The (benzy1thio)carbonyl group was removed oxidatively from X I  in the manner herein described for the 

synthesis of VIII.  After 2 crystallizations from ethanol-water, the product (90%) had 1n.p. 152-154' and 
[ a ] ~ ~ l  +16.j0 ( ~ , 1 ,  CHCII). 

Anal. Calcd. for C2aH?oOo: C, 66.40; H ,  5.14. Found: C,  66.16; H,  5.26. 

Derivatiaes of X I I  
The following derivatives were prepared by standard procedures and were recrystallized twice from 

ethanol. 
ilRetItyl S-O-~lcetyl-2,4,6-tri-0-benzoyl-~-~-gl~coyranoside.-Yied: 80%; m.p. 160-162"; [ c ~ ] D ~ ~  $28.4' 

(c,l, CHC13). 
Anal. Calcd. for C3oHraOlo: C, 65.69; H ,  5.11. Found: C, 65.80; H ,  5.26. 
iwethyl 2 , 4 , 6 - T r i - O - b e n z o y ~ - S - O - ( ~ - t o l y l s u l p h o n ) - - ~ - g z ~ c o y r a z o s d e  (XIII).-Yield: 78%; n1.p. 191" 

(decomp.) ; [a]o17 +33.9" (c,l, CHClp). 
Anal. Calcd. for C ~ ~ H ~ ? O I ~ S :  C, 63.63; H, 4.85; S, 4.85. Found: C, 63.60; H,  4.94; S, 5.10. 
Methyl 2,3,4,6-Tetra-O-ben-oyl-p-~-glucopyranoside.-Yield: 66%; n1.p. 155-160"; [a]D'"$27.60 (c,l, 

CHC13). Reported (12): m.p. 160-162"; [ a ] ~  +31° (CHC13). 

Methyl 2 , 4 , 6 - T r i - O - b e n z o y l - S - 0 - [ ( b e 7 ~ ~ y l t h i o ) b - ~ - g z ~ c 0 p y r a n 0 s i d e  (XIV) 
To  a solution of XI  (3.3 g) in pure, dry chlorofor~n (300 n ~ l )  was added titanium tetrachloride (2.0 1111) 

and the solution was refluxed for 5 h. The product, isolated as described previously, could not be induced to 
crystallize and showed [a]oZ1 +95.45" (c,2, CHCI?). 

ARethyl 2,4,6-Tj i-0-benzoyl-a-D-glzlcopyranoside (X  V) 
The product (XIV) from the foregoing experiment was treated in glacial acetic acid (100 ml) with potas- 

sium acetate (0.98 g) and 30% hydrogen peroxide (8.2 1111). The change in optical rotation was followed 
and attained a constant value after 9 days. The solution then was poured into 1 500 n ~ l  ice water and the solid 
product was recovered by filtration and was washed thoroughly. After drying, the product was crystallized 
twice from petrole~~ln ether to give 1.82 g (7$2%), m.p. 71-76", and [a]o18 +94.g0 (c,l, CHC13). 

Anal. Calcd. for C?aH?oOe: C, 66.40; H, 5.14. Found: C, 66.05; H ,  5.02. 

Derivatives of X V 
dlelhyl $,4,6-Tri-O-benzoyl-S-O-(p-tolylsz~lphonyl)-a-~-glz~copyranoside (X  VI).-This colnpound, prepared 

by the procedure previously described for XVII,  had m.p. 163-165" and [a]o18 +101.6' ( ~ ~ 0 . 8 ,  CHCIj). 

4Tize high value f o ~ ~ t t d  i?t cizlorine analysis can probably be attributed to interJerence from the sulpitur present 
in the substance. 
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WILLARD ET AL.: SYNTHESES WITH (BENZYLTI-II0)CARBONYL GROUP 2567 

Anal. Calcd. for C36H32011: C,  63.6'3; H, 4.85; S, 4.85. Found: C,  63.38; H ,  4.75; S, 4.87. 
~VIellzyl 2,.9,4,6-Telra-O-benzoyl-~-~-glzccopyranoside.-This compound, prepared as previously described, 

hacl m.p. 104-106" and [ f f ] ~ ' ~  +S4.2' (c,0.5, CHCla). Reported (7): m.p. 105-108" and [ a ] ~  +84" (c,0.95, 
CHCl:,). 

Synlltesis of S I I I  nrzd X V I  frottz V I I I .  6 , ~ , 6 - 7 ' r i - O - b e n e o y l - S - O - ( p - t o l y l s u l p h o n y l ) - ~ ~ ~ r a n o s y l  
Clzloride ( X  V I I I )  

Compound S \ V I  was treated in a inanller identical with that for VII in the preparation of X. The product 
S V I I I  \\.as crystallized twice from ethanol (yield 827,) and had m.p. 154-156", [ f f ] ~ ~ '  +123.S0 (c,l, CHC13). 

Anal. Calcd. for CarH?gOloClS: C, 61.40; H, 4.36; C1, 5.34; S, 4.82. F o ~ ~ n d :  C,  61.45; H ,  4.41; C1, 6.36;" 
S, 5.04. 

Co~llpo~ind SVII I  was converted to S I I I  as described herein in the synthesis of X I  from X. The product 
had m.p. 192" (decomp.) and [ff]D17 f32.8" (c,O.5, CHC13). A mixed melting point with XI11 synthesized 
from XI1 was not depressed. 

Anomerization of this product (XIII)  to XVI, as described for the synthesis of XIV from XI ,  gave a 
product with n1.p. 163-165" and [ff]~'++102.4" (c,l, CHC13). Admixture with XVI, synthesized from S V ,  
did not depress the melting point. 

Resyntltesis of V I I  front V I I I  
Compo~ind VIII (0.15 g) was treated overnight in 2 ml pyridine with 0.15 g (benzylthio)carbonyl chloride 

and the solid obtained on pouring the reaction mixture into ice water was filtered off and recrystallized from 
acetone. The product (0.17 g), after 2 recrystallizations from ethanol, had m.p. 199-201" and did not depress 
the melting point of VII, obtained by benzoylation of VI. 
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